To gain a fuller understanding of the role of deletions of chrokinase 4 (CDK4) and CDK6, resulting in the blockade of the mosome 9 in the development of childhood acute lymphoblascell cycle between G1 and S, leading to a suppression of tic leukemia (ALL), we performed detailed deletional mapping cellular proliferation. [14] [15] [16] deletion of the first allele followed by an independent deletion Keywords: LOH; homozygous deletion; ALL; 9p; CDKN2/ of the second allele, or are both alleles deleted at the same
Finally, studies have not thoroughly addressed if CDKN2/INK4A/p16 and CDKN2B/INK4B/p15 deletions occur Introduction as an initial event in the development of childhood ALL or as a late event in its progression or relapse. 18, 25 Cytogenetic studies have been frequently performed in childThe present study was performed in order (1) to establish a hood acute lymphoblastic leukemia (ALL) and have identified detailed deletional map of 9p21 in childhood ALL to deternon-random translocations and deletions. [1] [2] [3] [4] [5] [6] Cytogenetic mine the minimum regions of homozygous deletion at 9p21; deletions of the short arm of chromosome 9 were reported in (2) to analyze the relationship between the deleted region on 4-11% of patients with childhood ALL. 2, 7, 8 These studies point 9p and deletions of CDKN2/INK4A/p16 and CDKN2B/ to chromosome band 9p21 as the smallest chromosomal band INK4B/p15 in childhood ALL samples permitting a greater that is usually deleted. We previously reported LOH of the understanding of the mechanism by which these key target short arm of chromosome 9 in sixteen of 39 (41%) childhood genes are inactivated in this disease; and (3) to compare the ALL samples. 9 The IFN-␣ and -␤1 genes have been assigned deletional status of 9p21 at initial diagnosis and at relapse for to this region; and deletion of the IFN genes was reported in a better understanding of the timing of the 9p21 loss. 29% of ALL patients. 10, 11 Recently, the putative tumor suppressor genes called CDKN2/INK4A/p16 and CDKN2B/INK4B/p15 were also Materials and methods mapped to chromosome band 9p21. 12, 13 Both genes code for cyclin-dependent kinase inhibitors (CDKI Town, MA, USA). After amplification, PCR samples were diluted five-fold in loading buffer containing 20 mM EDTA, 96% formamide, and 0.05% of both bromophenol blue and xylene cyanol. The products were heated to 95°C for 5 min and 1.5 l of each sample was electrophoresed through a 6% polyacrylamide gel containing 8.3 M urea for 3-4 h at 85 W. Subsequently, the gels were dried and subjected to autoradiography using Kodak XAR film (Eastman-Kodak, Rochester, NY, USA) at −80°C. Loss of heterozygosity was inferred when visible reduction was measured in the ratio of allele radiographic signal intensities in the tumor sample relative to that in the corresponding normal sample. detected by microsatellite analysis. Eighteen cases showed homozygous deletions at 9p21 by this method. Since we previously analyzed for homozygous deletions of Frequency of homozygous deletions at 9p21 by microsatellite analysis both CDKN2/INK4A/p16 and CDKN2B/INK4B/p15 by Southern blot hybridization using the same samples as used in this study, we combined these Southern data with the current Homozygous deletion was identified by an apparent retention of heterozygosity on one or more closely located markers microsatellite analysis data. 21 Twenty-three of 54 (43%) patients had homozygous deletions at 9p21 (seven of 11 within the region of LOH. If a homozygous deletion is present at the locus to be amplified, the leukemic cells do not provide (64%) T-ALL, 16 of 45 (36%) precursor-B ALL). CDKN2B/INK4B/p15. 21 Twenty-three homozygous deletions were identified. In seven of these 23 cases, homozygous deletions at 9p21 were detected only by microsatellite analyRegion of homozygous deletions at chromosome 9p21 sis, showing the power of LOH analysis in detecting homozygous deletions. Retention of heterozygosity at a polymorphic marker may be a more reliable marker of homozygous Homozygous deletions were identified in the region between IFNA locus and D9S126 locus (Figure 2 ). One sample (No. 58) deletion than is Southern blot hybridization using a non-polymorphic probe followed by stripping and reprobing the filter had homozygous deletion only at the IFNA locus but not at the CDKN2/INK4A/p16 locus. Three cases (Nos 3, 16 and 54) with a control probe for comparison of their relative signals.
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Although frequent homozygous deletions at CDKN2/ had large homozygous deletions between D9S1749 and CDKN2B/INK4B/p15. Another sample (No. 55) had a large INK4A/p16 and CDKN2B/INK4B/p15 locus are reported, the precise region of homozygous deletion has not been delinhomozygous deletion between CDKN2/INK4A/p16 and D9S126. Except for these five cases, homozygous deletions eated. In this study, we have found that homozygous deletions of 9p were limited to the region between D9S1747 and were limited to the region between D9S1747 and CDKN2B/INK4B/p15. Four We have compared the status of 9p21 loss at initial diagnosis and at relapse in the patients who recurred during the 9p21, 21 samples had surrounding large LOH. Of the 29 samples with LOH of 9p, homozygous deletion at 9p21 was observation period (р76 months to date). All of the 54 patients were treated uniformally. Patterns of allelic loss in the identified in 22 cases.
region of 9p21 (normal, three patients; hemizygous deletions, two patients; homozygous deletion, one patient) were identical in all six cases at diagnosis and recurrence. These results
The timing of the 9p21 loss suggest, albeit with a small patient sample size, that 9p21 loss most often occurs during the development of childhood ALL DNA samples were obtained at the time of relapse from six patients and analyzed for LOH of 9p21. The following rather than at relapse of ALL. This is in contrast with p53 mutations which were found more frequently at relapse and microsatellite loci were used at 9p21: IFNA, D9S1749, D9S1747, D9S1748 and D9S171. The status of 9p21 loss at which probably have an important role in progression of childhood ALL to a more aggressive phenotype. [31] [32] [33] initial presentation is as follows: one patient (No. 3) had a homozygous deletion; two patients (Nos 5 and 37) had hemiMany deletions of 9p21 were found to be under 300 kb in size and limited to the region between D9S1747 and zygous deletions; the other three patients (Nos 23, 62 and 65) had normal alleles in this region of chromosome 9. All six CDKN2B/INK4B/p15. However, we identified three samples in which IFN-␣ rather than CDKN2/INK4A/p16 were deleted. patients showed identical patterns at 9p21 at the time of relapse as their first presentations.
Two samples (Nos 48 and 63) showed LOH at the IFN-␣ locus and had a normal CDKN2/INK4A/p16. The third sample (No. 58) had a homozygous deletion at the IFN-␣ locus but not at the CDKN2/INK4A/p16 locus. Deletion of the IFN genes Discussion was reported in 29% of ALL patients. 11 These results suggest that loss of the IFN-␣ gene itself or another unidentified gene To understand the role of genetic changes in the development of ALL, we performed detailed deletional mapping of chromoclose to IFN-␣ gene is also an important leukemogenic event in a subset of childhood ALL. some 9 in 54 primary ALL samples with matched normal DNA from the same individuals using 22 highly polymorphic markers. We have found a very high frequency of LOH (31 of 54 cases (57%)) on chromosome arm 9p by molecular analysis. Acknowledgements This is much higher than the frequency of cytogenetic deletions of 9p (4-11%) in childhood ALL, showing the power We are grateful to Jochen Harbott for providing the cytogenetic data and Wolf Dieter Ludwig for the immunophenoof LOH analysis using microsatellite markers. 2, 7, 8 Twentyseven of these 29 samples lost alleles both at D9S1747 and typic data. We thank Yoshihiro Hatta, Naoki Mori, Taizo
